© 2 0 1 7 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W 360 ABSTRACT Background: In children, innate and adaptive immunity varies with age, disease status, and ethnicity, reflected by lymphocyte subsets and serum immunoglobulin (Ig) levels. The paucity of such data from the Indian subcontinent necessitated this study. Aims: This study aims to determine reference ranges of Ig and lymphocyte subsets in Indian children from birth to 5 years. Settings and Design: Neonates, infants, and children from a tertiary care hospital were selected and categorized into 5 groups from cord blood/newborn to 5 years. Materials and Methods: Samples were taken from cord blood and healthy children up to 5 years of age. Complete blood counts, serum Ig levels (by turbidimetry), and lymphocyte subsets (by flow cytometry) were studied, and reference ranges calculated. Results: Four hundred and three samples were analyzed; 53 from cord blood and 350 from children 1 month to 5 years. High IgG levels were noted at birth, which decreased in the first 6 months followed by a rise thereafter. IgM remained low in infancy and peaked at 13-36 months. IgA levels were very low at birth but increased with age. CD4 counts were high in cord blood till 3 years of age and then declined. CD8 and CD19 counts remained steady till 5 years of age. CD56 increased after the age of 2 years. Conclusions: While our data correlated well with published literature, notable differences were higher IgM levels seen in 1-3 years' age group and higher natural killer cells through all age groups in our study. Our results provide the largest database of its kind from our country.
INTRODUCTION
Pediatric age is fraught with predisposition to infections. The primary host defense against infection involves innate immunity, which responds regardless of previous exposure to the agent and includes complement, interleukins, and cellular components. [1] The cellular component comprises the phagocytes/macrophages, neutrophils, dendritic cells, mast cells, eosinophils, basophils, and natural killer cells (NK cells). These identify and eliminate pathogens by contact and engulfment are nonspecific and do not confer long-lasting immunity. [2] Acquired (adaptive) immunity is a highly specific response which involves T and B lymphocytes and NK cells. [3] This response is mediated by two primary mechanisms, cellular immunity by T-cells, and humoral immunity with the production of immunoglobulins (Ig) by 5 functionally distinct subtypes of B cells. Synthesis starts in fetal life and proceeds variably according to Ig type, antigen exposure, race, and ethnicity. [4] Abnormalities in the immune system can cause increased susceptibility to infections and other conditions such as allergy, autoimmunity, and malignancy. Estimation of serum Ig levels and absolute counts and percentages of lymphocyte subsets helps in early diagnosis and treatment of such conditions. However, very few age-specific reference ranges are available for these parameters from India. Those available are mostly on Caucasians, or at best include ethnic minorities from this region. The probability of racial differences has been established in at least one large Asian study. [5] It is inappropriate to extrapolate these results to children This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Original Article from the Indian subcontinent who are far more ethnically diverse and grow up in environments and socioeconomic milieu which are vastly different from their Western counterparts. The scarcity of reference ranges in healthy Indian children led to the present study, the aim of which was to determine reference intervals of Ig levels and peripheral blood lymphocyte subsets in cord blood and children from birth to 5 years of age.
MATERIALS AND METHODS
The study population comprised of neonates born in a tertiary care hospital (from whom cord blood was collected) and infants and children visiting well baby clinics or outpatient departments at the same center. They were segregated into 5 age categories: 1. Newborn-cord blood of term neonates 2. Early infants (1-6 months) 3. Late infants (7-12 months) 4. Toddlers (13-36 months) 5. Preschool children (37-60 months).
Inclusion criteria were: 1. Cord blood from normal term deliveries without any antenatal complications or family history of immune deficiencies or malignancies 2. Normal infants and toddlers attending well baby clinic 3. Children attending outpatient department for noninfection-related complaints (e.g., fractures) but otherwise in apparent good health determined by routine history and examination 4. Children on follow-up visits, more than 2 weeks after recovery from routine self-limiting childhood infections such as viral infections of the upper respiratory tract or a solitary episode of a self-limiting viral enteritis 5. Patients on follow-up visits for surgical disorders that were not related to infections in any way and had healed/recovered completely.
Exclusion criteria were: 1. Any solitary episode of a systemic infection of the organ system in the past, for example, pneumonia 2. All cases of infectious disease, such as typhoid, malaria, mumps, measles, varicella, and hepatitis 3. Children with upper respiratory tract infections (URTIs) -if number of viral self-limiting infections exceeded 10 in the previous 12 months or if they had any associated episode of pyogenic pharyngitis, suppurative otitis, or sinusitis 4. Children with gastrointestinal tract infections -if number of viral self-limiting infections exceeded 1 in the previous 12 months or if an episode of bacterial, parasitic, or fungal diarrhea occurred 5. All cases of parasitic or fungal infections 6. Cases with atopic symptoms or syndromes 7. Patients with a history of malignancy.
Informed consent and a detailed history were taken from the parents, and a thorough examination of the child was conducted. Cord blood samples were collected from the placenta in the labor room/operation theater immediately after delivery in 2 ethylenediaminetetraacetic acid and 1 sterile vacutainer. Venous samples were collected in the outpatient department. Complete blood counts were performed using Automated Cell Counter, ABX Pentra ™ model no-120. Serum Ig levels were estimated by turbidometric method using automated cuvette-based Quantiamate ™ turbidometer from Tulip Diagnostics Pvt Ltd®. Determination of cell surface markers was done by four-color dual-laser flow cytometry using FACSCalibur™ manufactured by Becton Dickinson Biosciences ® . TruCount Multitest tubes were used to estimate the lymphocyte subsets. Samples which could not be analyzed immediately were stored for up to 24 h at 18 to 22°C before evaluation.
RESULTS
A total of 403 samples were analyzed, of which 53 were cord blood samples and 350 were from children aged 1 month to 5 years, divided into subsets based on age [ Table 1 ]. The male to female ratio was 1.1:1.
Serum immunoglobulin levels
Mean Serum IgG levels were high in cord blood (978mg/dL) declining to a nadir of 611.2 mg/dL by late infancy and then increasing to adult levels by the 5 th year of life [ Table 2 and Figure 1 ].
Serum IgM levels were low in cord blood (mean 22.4 mg/dL) and gradually increased till 5 years of age [ Table 2 ]. However, in the third year of life, a wide scatter was observed with high values (mean 289.6 mg/dL) [ Figure 1 ].
The mean IgA levels were very low in cord blood (mean 3.35 mg/dl) but rose steadily in a linear fashion till 5 years of age [ Table 2 and Figure 1 ].
Lymphocyte profile
Absolute CD4 counts were high in cord blood and remained at the same level till 3 years of age and thereafter started declining. The CD8 counts are low in cord blood but rose at 6 months after which they remained steady till 5 years age. The CD3 counts were high at birth reflecting the elevated CD4 counts and followed the pattern of CD4 counts in all age groups [ Table 3 ]. NK cells could not be enumerated in cord blood however, due to technical issues, but were low at birth and started to increase from the age of 2 years [ Table 3 ]. B-lymphocytes as measured by CD19 were also low in infancy and gradually increased with age [ Table 3 ].
DISCUSSION
Innate and adaptive immunity are required to combat childhood infections caused by various pathogens. Therefore, abnormalities of either the primary or acquired immune function can cause severe morbidity and mortality. Estimation of serum Ig levels and lymphocyte subsets helps in assessing the immune response and also the need for intervention. Studies worldwide have shown that the levels of Ig vary not only with age but also in different geographical regions. [5] [6] [7] Thus, this study was undertaken to determine age-specific reference ranges for these parameters in Indian children. The sample size was adequate for the subgroups analyzed. In our study, we included 138 (39%) children with routine childhood infections which had resolved more than 2 weeks before sample collection in accordance with our inclusion/exclusion criteria.
In the first study of its kind on serum Ig levels, Collins-Williams et al. studied 200 children using Hyland Immunoplate technique and found IgG ranging from 346 mg% in 2-6 months to 645 mg% in 2-5 years age. [6] These were lower than levels of 941 mg% and 1487 mg%, respectively, in our study. This could be due to the higher number of routine childhood infections even in otherwise healthy children in our population. The IgA and IgM levels, however, were comparable. Both the studies show an increase in serum Ig levels with age. However, due to differences in technique, comparisons should be made with caution, especially as the Hyland Immunoplate technique is now obsolete. Another similar study in children and adults by Stoop et al. in 1969 showed gradual increase in serum Ig levels with age; however, the reference ranges differed from other studies of the period, the main reason being lack of an established international reference for Ig determination at that time. [7] [8] [9] In our study, serum IgG levels were raised in cord blood and in early infancy indicating passive transplacental transfer from mother, which is amply documented. [10] The IgG confers passive immunity from common infections in infancy. In later infancy, IgG levels decreased and reached a nadir at 7-12 months followed by progressively increasing values, a well-noted phenomenon. [11, 12] Our data are comparable with these studies with some notable differences [ Table 4 ].
In another study, Lockitch et al. clubbed all children below 1 year into one group rendering the subgroup differences incomparable [ Table 4 ]. The upper ranges of IgG in both studies compared are far lower in the 1-5 years' age group than ours, while the lower ranges remain closer to each other [ Table 4 ]. This may be a result of the higher number of recent infections, albeit routine nature and more than 2-week postrecovery, in our patients.
IgM levels were low in cord blood (mean-22 mg/dL) and showed a gradual increase with highest levels in the 13-36 age group (mean-289 mg/dL) similar to known patterns. [8] Low levels in cord blood may reflect the inability of IgM to traverse the placental barrier. Increased levels of IgM in 13-36 months age corresponds with increased incidence of infections in this age group.
IgA levels were also low in cord blood, similar to IgM levels but increased more gradually and maintained a steady level in childhood after 3 years of age. A similar pattern of rise has been noted by others. [7] [8] [9] Age-specific changes in serum Ig levels in our study with their individual differences are depicted in the consolidated scatter diagram [ Figure 1 ]. Lymphocyte subsets analyzed by flow cytometry showed that the levels of absolute CD4 counts were high in cord blood, remained /cmm (n=403, for CD16/56, n=350) at same levels till 3 years age, and declined thereafter. Two major studies on this aspect have shown a similar trend. [13, 14] [ Table 5 ].
In our study, the CD4 counts have declined from mean 2932 cells/µL in infancy to 1977 cells/µL at 3-5 years. It is noteworthy that the values remain comparable with these studies despite the policy of universal BCG immunization at birth, which was in 100% of our study population. This is routinely administered in India and is a known T-cell stimulant.
CD8 absolute cell counts were low in cord blood (mean 836 cells/µL) but rose after birth (mean 1544 cells/µL) after which they remained at a steady level till 5 years of age. Two major studies demonstrated similar trends, though one showed a steady decline in CD8 and total CD3 counts after 3 years. [13, 15] Absolute CD3 counts were high at birth, mirroring the elevated CD4 counts and followed the latter's pattern in all age groups, a pattern well established in the western literature. [14] [15] [16] NK cell (CD16/56) counts were low at birth (mean 15.8 cells/µL) and gradually increased with age (mean 103 and 556 cells/µL at 1-3 and 2-5 years, respectively) comparing well with the scant data available on this cell line. [5, 16, 17] A tendency to higher NK cell counts in our children, as compared to Caucasians, matches results seen by the only other large study in Asian children. [5] Another study from India on T-lymphocyte subsets had 138 children but covered age groups from 3 to 15 years of age and thus was not truly comparable with our data. [18] CD19 cells showed a peak in early infancy and declined thereafter remaining steady till 5 years of age. Other studies showed a similar pattern till 5 years of age followed by a steady decline till adulthood. [5, 19] The peak in early infancy in all probability relates to the multiple vaccinations stimulating B-cells in this period.
The varying rates of decline in lymphocyte subsets lead to discordance in their percentages and ratios with age as noted in our study. This has been highlighted in a large study consisting of individuals from childhood to adulthood and is particularly relevant to studying the variations in immunodeficiencies including pediatric HIV infection. [20] In view of the high incidence of recurrent mild viral infection in children in the 1-5 years' age group, we deliberately included children with these conditions but who had recovered 2 weeks before collection of sample so that we could arrive at a more realistic reference range for children. The most common infections included respiratory, followed by gastrointestinal infections. The majority of infections occurred in 13-36 months' age group.
The high IgM levels and IgA levels in 13-36 months' children reflect the immune response due to exposure to infectious agents which is common at this age in our country.
The high absolute lymphocyte counts in infancy in our study are probably due to transplacental passage of T-lymphocytes, which contribute to cell-mediated immunity and T-cell regulated self-recognition in fetal life.
The absolute values obtained in this study are the largest data bank of its kind from India and are indicative of the trends of these parameters in Indian children of different ethnicities and can form a useful reference range for the subcontinent.
CONCLUSIONS
• Age-specific normal serum Ig levels in cord blood and healthy Indian children from birth to 5 years of age as a standard reference were obtained. Immunoglobulin levels of Indian children varied from other populations though trends were comparable • Age-specific lymphocyte subsets of normal children were obtained from cord blood till 5 years age. Trends were comparable with other populations though absolute values and range differed in Indian children • This study provides the largest and most representative data of its kind in healthy Indian children of wide ethnic diversity • So-called healthy children commonly have mild infections URTIs which can alter the Ig levels and lymphocyte counts. We have thus established normalized reference ranges for children which are more realistic than establishing reference intervals on completely healthy children.
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Age
Our study Lockitch et al. [11] Children's Hospital Boston [12] 
Our study (mean) Kotylo et al. [13] Denny et al. [14] # Cord blood 2209-3205 (1707) 2310-2990* 1460-5110 0-6 months 1516-4348 (2932) 2800-3900 1690-4610 7-12 months 1056-3799 (2427) 2600-3500 -13-36 months 1113-2946 (2029) 1200-2300 1020-3600 37-60 months 839-3115 (1977) 560-2700 900-2860 *Lymphocyte subsets in the 1 st week of term infants, # Age groups were 2-3 months, 4-8 months, 12-23 months, and 24-59 months
